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1. PURPOSE

The general purpose of this study is to determine

the effects of pulsed nuclear radiation on the operating

characteristics of C.-band beacon ferrite duplexers wherein

the components used to make up the duplexer are two C-band

microwave coaxial ferrite Y--junction circulators arid one

gyromagnetic coupling limiter. The ferrite duplexer to be

investigated was developed by Sperry Microwave Electronics

Company under Contract No. DA36-.039--SC.-85330. Experimental

radiation effects data are to be acquired for the duplexer

and/or its components operating in a frequency range of

5.4 to 5.9 Gc and, initially, for an operating power level

(at the klystron) of approximately 1 watt (considered low

power operation).

Specifically, the aims of the third quarter of the

study were the following:

The planning and performance of a second
series of experiments at the Sandia Pulsed
Reactor Facility (SPRF) (during the week
of January 14, 1963) involvingt (1) pri-
marly, an extensive irradiation of the
individual duplexer components with par-
ticular attention focused on -the three
port, Y-junction circulator and (2) sc-
ondarily-, preliminary studies of possible
radiation effects in coaxial and rectangular
waveguides necessary for high power micro-
wave tests and (3) high voltage dc ex-
periments (which from the standpoint of
electric field intensity were meant to
simulate high microwave power experiments).

i-1
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* The reduction and analysis of the data
recorded during the aforementioned ex-
periment s.
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2. ABSTRACT

This report presents the results from the second

series of radiation environment experiments conducted during

the third quarter of the program,, These experiments were

performed to substantiate and extend the data on the du-

plexer components' behavior obtained during the first series

of experiments. Data are also presented frorr, preliminary

investigations of the radiation effects in waveguide ele.-

ments (which might be required for future high power tests)

and static dc voltage experiments which were conducted to

simulate possible high, microwave power electric field

intensities.

Briefly- described and reviewed are procedures for

testing the coaxial ferrite Y--junction circulator, thhe

gyromagnetic coupling limiter, the internal magnet coaxial

isolator and C-band waveguide elements at a microwave power

of 100 milliwatts in. the frequency range of 5.4 to 5.9 Gc,

Also reviewed is the method used to perform the static dc

voltage experiments involving tests of the microwave com-

ponents mentioned above, various open ended connectors

(potted and unpotted) and short pieces of open ended cable.

Photographs of oscilloscope traces showing radiation

effects on the operating characteristics of the microwave

components and leakage characteristics of the components

2-1
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used in the dc experiments are presented. Quantitative

interpretations of the data obtained by circuit calibration

procedures are also presented.

Results of dosimetry provided by the SPRF are tabu-

lated along with the radiation effects noted in the com-

ponents investigated in each experiment.

2-2
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3. PUBLICATIONS, LECTURES, REPORTS AND CONFERENCES

3.1 PUBLICATIONS

A letter presenting a summary of the results from

the initial series of experiments conducted at the SPRF

(during the week of September 10, 1962) has been pre-

pared and is now in the process of being checked and

cleared for publication.

3.2 LECTURES

None in this reporting period.

3.3 REPORTS

None in this reporting period.

3.4 CONFERENCES

A conference was held on November 5, 1962 at Sperry

Microwave Electronics Company, Clearwater, Florida. In

attendance were G. R. Barton and A. Hinchee of the Systems

Test Equipment Section of Sperry and G. R. Harrison, J. C.

Hoover and J. P. Scheiwe of the Advanced Microwave Tech-

niques Section of Sperry.

The purpose of this meeting was to discuss and

ascertain the possible availability of a high power C-band

RF source. Such a source would be required for high power

pulsed microwave experiments. Although no such unit is

presently available to the program it was decided that a

unit satisfactory for use in radiation experiments could be

constructed.1

3-1
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4. FACTUAL DATA

4.1 EXPERIMENTAL PROCEDURES AND DATA

4.1.1 Introduction

Descriptions of the circuits and methods used to mon-

itor the microwave characteristics of the various components

under test have been presented in detail in previous quarterly

reports2,3 issued for this study. Only a brief discussion of

the circuits will be presented herein for the sake of defi-

nition and clarity as to where and how the various signals

were detected. The majority of the measurements were made

using circuits similar to the one illustrated in Figure 1.

The signal detected at the secondary port of the 20db cou-

pler (1), Figure 1, was used to monitor the behavior of the

input cw signal and as such is hereafter referred to as the

monitor signal. With the klystron producing greater than

2 watts at cw operation the unperturbed monitor signal level,

as measured at the crystal detector output, was 02125 milli-

watts. The signal detected at the receiver port of the

three-port circulator (2) was used to monitor any changes

that might occur in the reflected power and as such: is here-

after referred to as the VS3R signal. With the klystron

producing greater than 2 watts at cw operation the unper-

turbed VSWR signal.leve.l as measured at the crystal de-

tector output, was 1.75 milliwatts. The return or output

4-.1
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Figure 1. Typical Measurement Scheme for One Component
in Low Power Tests
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signal (labeled (3)) was monitored by feeding the signal

directly into a crystal detector or by observing 'the sig-.

nal 20 db down by use of a coupler as shown in Figure i.

In some cases both detectors were used. The signal level

at the crystals was dependent on the component under test.

During the course of the experimental program there were

various planned changes made in the typical test circuit

as shown in Figure 1. When waveguide sections were ex-,

posed, two waveguide-to-coax adapters were used inside the

KIVA, one on each end of the waveguide element. This type

of configuration is illustrated in Figures 2 and 3 which

provide a close-.up and broad view,. respectively, of the

aluminum and brass waveguide elements, one three-port

circulator and the Sandia Pulsed Reactor in their re-,

spective test positions. Later changes in circuitry in-,

volved putting the entire front end of one circuit, less

the klystron power supply, inside the KIVA adjacent to the

device under test0  This was done in or-der to deliver more

power, (approximately 1,75 watts) to certain selected de-

vices. A circulator-limiter duplexer and a limiter, which

begins its power limiting function at levels of 200 milli-

watts and above, were tested at these higher powers0  This

particular test configuration is illustrated in Figures 4

and 5 which provide a close-,up and broad "test position"

4-3
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Figure 2. Close-Up View- of Aluminum an~d Brass Waveguide
Elements, One Test Three-Port Circulator and
the Sandia Pulsed Reactor in Test Position.

4.-4
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"It.

Figure 3. Broad View of Waveguide Elements and Circulator
in Test Position With Conventional Cable
Configurations of Figure 1

4-5
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Figure 4. Close-Up View of Circulator-Limiter Duplexer
Supplied by Circuit Front End in KIVA, Limiter,
Three-Port Circulator and Sandia Pulsed Reactor
in Test Position
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Figure 5. Broad View of Limiter, Circulator-Limiter
Duplexer and Three-Port Circulator in Test
Position With Front End in KIVA and
Conventional Cable Configurations

4-7

FOR OFFICIAL USE ONLY



view, respectively, of the circulator-limiter duplexer supplied

by the circuit front end in the KIVA, a limiter tested in

the conventional manner diagramed in Figure 1, a three-port

circulator also tested in the conventional manner and the

Sandia Pulsed Reactor.

Some experiments were performed with the crystal

detectors placed directly on the output ports of the test

components. This procedure was used only in cases where

the components inherently provided a sufficient amount of

power attenuation (namely, measurements of the isolation of

a circulator or duplexer) between the input port and the

port at which the measurement was made to guarantee that

the crystal detector would not be saturated, i.e., power in-

puts to the detectors of less than 250 microwatts. Since it

is quite possible that the radiation environment also af-

fected the normal operation of the crystal detector, back up

measurements of the appropriate microwave characteristics

were performed whenever crystal detectors were placed inside

the KIVA.

4.1.2 High Voltage DC Experiments

It was decided to perform high voltage dc experiments

using microwave components, various connectors, and open

ended cables in order to obtain quantitative data concerning

possible leakage and/or voltage breakdown characteristics.

4-8
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Particular attention was paid to devices and connectors

where the ground plane is separated f roin the conductor by

an air dielectric.

These dc voltage tests were meant to simulate the

electric field that would be imposed on devices during

high power microwave tests. To a reasonable approximation

the power supplied to a microwave component may be ex-

pressed as

E2p -

z

where

P = power in watts

E = voltage (rms) in volts

Z = characteristic device impedence
in ohms.

Since the voltage term is squared and a characteristic im-

pedence of 50 ohms is common to microwave devices, rela-

tively low (hundreds of volts) dc voltages may be used to

simulate the electrical field produced by microwave powers

up to ten killowatts.

A dc voltage supply was built and tested prior to

the January test series. This supply used two 500 volt

batteries in series as a voltage source., It was so con-

structed that two dc experiments with voltages variable in

steps between 125 volts and 460 volts could be conducted
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at the same time. The optional use of blocking diodes was

available in the circuit to block out any undesirable tran-

sient oscillations that might ring in the transmission line

if a complete short due to breakdown should occur at the

reactor. Fifty-five feet of RG 58 C/U cable was used be-

tween the voltage supply and the component. In order to be

able to display a complete 500 volt breakdown on the os-

cilloscopes which have a minimum vertical sensitivity of

50 volts/crn or less, a 100:1 voltage division between the

voltage applied to the component and that displayed on the

oscilloscopes (with 1 meg ohm input resistance in oscillo-

scopes and 105 ohm input resistance in Ampex recorders) was

built into the supply unit. Further, since it was felt

that the available surface area would affect the electron

leakage characteristics of the test devices and cables, a

negative or positive polarity option was built into the

supply. Thus, in the case of cable tests the normal out-

side ground sheath could be made positive or negative with

respect to the inside center conductor.

A circuit diagram of the dc voltage supply is pres-

ented in Figure 6. A photograph of the dc supply and two

RG 58 C/U coaxial cables, one of which is connected to a

half-potted type N double female connector and the other of

which is connected to a half-potted BNC double female

4-10
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Figure 6. Circuit Diagram of dc High Voltage Supply
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connector, is presented in Figure 7. Table I gives the

voltage outputs for each graded step of the two channels to

the components under test and to the oscilloscopes where the

traces were displayed.

TABLE 1. GRADED VOLTAGE OUTPUT STEPS TO COMPONENTS AND OSCILLOSCOPES
FROM THE DC VOLTA3E SUPPLY*

Output to Output to Output to Output to
Component Oscilloscope Component Oscilloscope
#1, Volts #1, Volts #2, Volts #2, Volts

Steps (1 10 volts) ( 0• .1 volts) (4 10 volts) L± 0.1 voltsl

A 125 1.15 122 1.1

8 192 1.8 185 1.7

C 235 2.2 225 2.1

D 282 2.6 270 2.5

E 380 3.5 355 3.3

F 460 4.4 430 4.0

* Values shown are those used after the third burst.

Since the burst time of the Sandia Pulsed Reactor is

of the order of 100 microseconds, it was felt that in order

to guarantee resolution of events that might occur during

the early part of the burst, the dc experimental circuit had

to provide a resolution time of 10 microseconds or less.

This feature was checked prior to the trip to Sandia by

noting the response of the dc circuit to a superimposed

10 kc square wave. The results of this test are presented

in Figure 8 wherein there is no apparent lag in the rise

of the square wave pulse. It was concluded that the dc

circuit had a sufficiently fast time response.

4-12
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Figure 7. Photograph of High Voltage Supply and
Half-Potted Type N and BNC Double Females
in Test Configurations
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4.1.3, Wavequide Tests

Two C-band waveguide elements, one made of brass and

the other of aluminum, were tested (at 5.6 Gc) during this

series of experiments so that a decision, based on experi-

mental data, could be made regarding what type of trans-

mission line to use in future high power tests. The wave-

guide elements were one foot in length and had a waveguide-

to-coax adapter connected to each end., Tests were per-

formed for each element using three different dielectrics;

air, low density polystyrene shaped so as to fill all of

the waveguide and adapter cavity, and high density poly-

styrene shaped in the same fashion as the low density

polystyrene (See Figure 9). The properties of the poly-

styrenes (Styrofoam*) are listed in Table 2.

TABLE 2. PROPERTIES OF HIGH AND LOW DENSITY STYROFOAM
DIELECTRICS USED IN WAVEGUIDE EXPERIMENTS

High Density Low Density
Styrofoam, Styrofoam,

- JHD-2 Styrofoam-22

Density, lbs/ft 3  4.0 - 4o7 1.6 - 2.0

Dielectric Constant 1.07 <1o05

Disipation Factor <0.304 x 10-3 <0.302 x 10-3

Contained Gas Methyl Chloride, Methyl Chloride
CH 3CL CH3CL

* Trade name, Dow Chemical Company

4-14
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Upper Trace: Response With No Termination At
Scope

Lower Trace: Response With 10 K Termination
At Scope

Horizontal Sweep Time: 50 Lsec/cm

Figure 8. Response of DC Experimental Circuit to
Superimposed 10 KC Squarewave

Figure 9. Photograph of Waveguide Elements Showing
Styrofoam Inserts
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Figures 10 through 15 are photographs representative

of the data gathered for the radiation effects on waveguide

elements from bursts 1 through 5. The lower trace on the

first photograph (Figure 10) is the return signal from the

brass waveguide with an air dielectric. The lower trace of

the second photograph (Figure 11) is the return signal from

the aluminum waveguide with an air dielectric. The single

trace of the third photograph (Figure 12) is the return

signal from the brass waveguide with a low density Styrofoam

dielectric. This trace was obtained from a playback of the

magnetic tape used to record the effects. The playback was

necessary in this instance because the trace obtained on

the oscilloscope at Sandia went off scale due to the unex-

pectedly large magnitude of the effect. The lower trace of

the fourth photograph (Figure 13) is the return signal from

the aluminum waveguide with a low density Styrofoam dielec-

tric. The lower trace of the fifth photograph (Figure 14)

is the return signal from the brass waveguide with a high

density Styrofoam dielectric. The lower trace of the sixth

photograph (Figure 15) is the return signal from the alumi-

num wave~guide with a high density Styrofoam dielectric.

Tests were performed on two waveguide-to-coax adapters

"butted together" in order to provide data with which to

discriminate between the effects in the waveguide and the

4-16
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Upper Trace: Input Signal
Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50ýsec/cmn

Lower Trace: Return Signal
Vertical Gain 0.01 volts/cm
Horizontal Sweep Speed 50 lisec/cm

Figure 10. Burst No. 2, Waveforms of Input and Output
Signals in Air Dielectric Filled Brass
Waveguide Element

* nnrnmmimm

Upper Trace: Input Signal
Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 lisec/cm

Lower Trace: Return Signal
Vertical Gain 0.01 volts/cm
Horizontal Sweep Speed 50 ýsec/cm

Figure 11. Burst No. 2, Waveforms of Input and Output
Signals in Air Dielectric Filled Aluminum
Waveguide Element
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Return Signal
Vertical Gain 0.10 volts/cm
Horizontal Sweep Speed 50 sec/cm

Figure 12. Burst No. 4, Waveform of Output Signal in Low
Density Styrofoam Dielectric Filled Brass
Waveguide Element

EnEEEmMA-N
Eiiiimiiiiiii

Upper Trace: Input Signal
Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 ýtsec/cm

Lower Trace: Return Signal
Vertical Gain 0.02 volts/cm
Horizontal Sweep Speed 50 tsec/cm

Figure 13. Burst No. 5, Waveforms of Input and Output
Signals in Low Density Styrofoam Dielectric
Filled Aluminum Waveguide Element
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Upper Trace: Input Signal
Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 psec/cm

Lower Trace: Return Signal
Vertical Gain 0.01 volts/cm
Horizontal Sweep Speed 50 pisec/cm

Figure 14. Burst No. 5, Waveforms of Input and Output
Signal in High Density Styrofoam Dielectric
Filled Brass Waveguide Element

E....EmEM ME

mmmnE.mm.m
Upper Trace: Input Signal

Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 isec/cm

Lower Trace: Return Signal
Vertical Gain 0.01 volts/cm
Horizontal Sweep Speed 50 •sec/cm

Figure 15. Burst No. 4, Waveforms of Input and Output
Signal in High Density Styrofoam Dielectric
Filled Aluminum Waveguide Element
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effects in the waveguide-to-coax adapters. No photographs

of this data are presented at this time, but the analysis

of these and all other data from the waveguide tests will

be discussed and tabulated in a later section of this report.

4.1.4 Component Tests

The C-band coaxial ferrite Y-junction circulator

tests were performed using a single circulator and two

circulators in tandem (the latter tests will be discussed

in the section dealing with configurations involving more

than one component) operating at frequencies of 5.4, 5.6

and 5.9 Gc and at power levels of 125 milliwatts and above.

Figures 16 and 17 are representative photographs

of the circulator data obtained during the first through

the sixteenth burst. Figure 16 (lower trace) is a photo-

graph of the change in signal level detected during the

tenth burst from the antenna port of a circulator operating

at 5.6 Gc. The ripple appearing at the beginning and tail

of the trace was caused by noise. A possible origin of

this noise was found to be a difference in potential that

existed between the metal conduit running under the KIVA

wall and the ground sheath of some of the connectors join-

ing RG 5 B/U cable sections. This condition will be recti-

fied in future tests through the use of a large insulating

rubber sleeve in which all cables going through the conduit
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Upper Trace: Input Signal
Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 ýsec/cm

Lower Trace: Output Signal From Antenna Port
Vertical Gain 0.005 volts/cm
Horizontal Sweep Speed 50 ýsec/cm

Figure 16. Burst No. 10, Waveforms of Input and Output
Signals from a Circulator Operating at 5.6 Gc
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Upper Trace: VSWR Signal

Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 psec/cm

Lower Trace: Output Signal from Receiver Port
Vertical Gain 0.005 volts/cm
Horizontal Sweep Speed 50 psec/cm

Figure 17. Burst No. 4, Waveforms of VSWR and Output
Signals from a Circulator Operating at 5.6 Gc
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will be placed. Figure 17 (lower trace) is a photograph

of the change in signal level detected during the fourth

burst from the receiver port of a circulator operating at

5.6 Gc.

A rather interesting result 4 of the September, 1962

series of tests was the fact that the values of isolation

between the transmitter and receiver ports of the test

circulator had apparently increased due to the exposure to

the radiation. This apparent effect was very carefully

monitored prior to and after the January, 1963 series of

tests. The results of these measurements for circulator

Model D 52C1, Serial No. 70 are shown in Figure 18. It is

evident that no significant increase in isolation occurred

to the circulator which was exposed during bursts 1 through

16. This would indicate that the results obtained earlier

were somewhat equivocal and that exposure to radiation

does not cause a permanent change in the electromagnetic

propagation properties of the garnet, such as an increase

in the isolation between the transmitter and receiver ports

of the three-port Y-junction circulator.

Analysis of the data in Figures 16 and 17 and all

other data for the circulator tests will be discussed and

tabulated in a later section of this report.
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Limiters. The gyromagnetic coupling limiter tests

were performed using a single limiter, and a circulator-

limiter duplexer (the latter tests will be discussed in the

section dealing with configurations involving more than one

component) operating at a frequency of 5.6 Gc and at power

levels of 125 milliwatts and above.

Figure 19 is a representative photograph of the

limiter data obtained during the seventh and fifteenth

bursts. Figure 19 (lower trace) is a photograph of the

change in signal level detected during the seventh burst

from the output of a limiter operating at 5.6 Gc.

IMM
mmmmm --

mmmmm__In.

Upper Trace: Input Signal
Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 p1sec/cm

Lower Trace: Output Signal
Vertical Gain 0.02 volts/cm
Horizontal Sweep Speed 50 pksec/cm

Figure 19. Burst No. 7, Waveforms of Input and Output
Signals of Limiter Tuned to 5.6 Gc
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The question of whether the values of insertion loss

of the limiter were changed due to irradiation (as discussed

in the preceding section) suggested that careful measure-

ments of the insertion loss of the limiter also be made prior

to and after exposure. The results of these measurements

are shown in Figure 20. There is no apparent effect of the

radiation on the insertion loss of the limiter.

Analysis of the data in Figure 19 and all other data

for the limiter tests will be discussed and tabulated in a

later section of this report.

Isolators. As noted in the last quarterly report5

the C-band internal magnet coaxial isolator is not an inte-

gral component of the specific ferrite duplexer under in-

vestigation in this study; however, isolators of the type

tested are ferrite devices which operate on the same non-

reciprocity principle as do the circulators. Thus the

isolator is a logical device to test, in order to discrim-

inate between radiation effects on ferrite devices in gen-

eral and radiation effects on the ferrite circulators in

particular.

The internal magnet coaxial isolator tests were

performed using a single isolator operating at a frequency

of 5.6 Gc and at power levels of 125 milliwatts and above.
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Figure 20. Post- and Pre-Irradiation Characteristics
of the Test Limiter, Laboratory Model

4-27

FOR OFFICIAL USE ONLY



Figure 21 is a representative photograph of the

limiter data obtained during the sixth through the ninth

bursts. Figure 21 (lower trace) is a photograph of the

change in signal level detected during the sixth burst

from the output of an isolator operating in the forward

direction at 5.6 Cc. Tests were also made with the

isolator operating in the reverse direction to determine

whether the isolation characteristics would be changed.

.EEEE..EE.

.EEE' .......-.iiii

Upper Trace: Input Signal
Vertical Gain 0.05 volts/cm
Horizontal Sweep SpDeed 50 •sec/cm

Lower Trace: Output Signal (Insertion Loss)
Vertical Gain 0.005 volts/cm
Horizontal Sweep Speed 50 b sec/cm

Figure 21. Burst No. 6, Waveforms of Input and Output
Signals From an Isolator Operating in the
Forward Direction at a Frequency of 5.6 GC
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Measurements of the insertion loss and isolation of

the test isolator (Model D44C7, Serial No. 204) were also

made prior to and after the radiation exposure. The results

of these measurements are shown in Figure 22. There is no
consistent �.parent effect of the radiation on the insertion

loss or the isolation of the test isolator.

Analysis of the data in Figure 21, and all other data

for the isolator tests, will be discussed and tabulated in

a later section of this report,.

Confiqurations Involvinr More Than One Component.

Tests involving configurations of more than one component

and/or the use of a signal source (front end) inside the

KIVA were conducted for three reasons:

* To test certain components at powers
above one watt,

* To obtain more accurate measurements
of changes in the VSWR signal, and

* To test a circulator-iimiter duplexer.

Powers to the components of greater than one watt were

achieved by placing a front end usually made up of a

klystron, klystron blower, waveguide variable attenuator,

waveguide-to-coax adapter and isolator on the test plat-

form behind the test component., Since it was considered

quite probable that the radiation environment would affect

the normal operation of the front end components and this
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Figure 22. Post- and Pre-Irradiation Characteristics
of Test Isolator, Model D44C7, Serial No. 204
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effect would show up superimposed on the effects in the

test specimen, "dummy" tests were performed in order to

determine the magnitude of the front end effects. A

more sensitive measurement of reflected power (VSWR) is

possible if a three-port circulator is placed immediately

in front of the component under test. In the conven-

tional measuring scheme (see Figure 1) the magnitude of

the VSWR signal would be decreased by approximately 30 db

(due to having to travel 55 feet into the KIVA and

55 feet back out of the KIVA in RG 5 B/U cable) from the

input power level at the klystron. The VSKR signal,

attenuated 30 db, is competing for detection against a

leakage signal from the transmitter port which may only

be attenuated 20 db due to the isolation between the

receiver and transmitter ports. This problem may be

circumvented by placing the circulator immediately

adjacent to the component and thus eliminating a 55 foot

portion of the 110 foot cable run into the KIVA. The

circulator-limiter duplexer was tested to determine whether

the effects evidenced in individual components would be

combined in any consistently additive manner when two com-

ponents were joined together to make a single device.

Individual tests involving the front end in the

KIVA or multi-component configurations were almost all
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prototypes. The test schemes were similar in content to

those previously discussed. A written discussion of each

individual test would be somewhat lengthy and unwarranted

for interpretation of the data and thus will not be given.

Figures 23 through 25 are representative photographs

of the data obtained with the front end in the KIVA and

configurations involving more than one component. These

experiments were performed during the eighth through the

sixteen bursts. Figure 23 (lower trace) is a photograph

of the change in signal level detected during the ninth

burst from the output of the limiter (limiter placed on re-

ceiver port of circulator to form circulator-limiter duplexer)

operating at 5.6 Gc. In this configuration the power was

supplied to the transmitter port of the circulator; the re-

ceiver port of the circulator was connected to the input port

of the limiter; the received (coupled through or reflected)

signal was detected at the output port of the limiter and the

circulator insertion loss (transmitted signal) was measured at

the antenna port of the circulator. Figure 24 (lower trace) is

a photograph of the change in signal level detected during the

twelfth burst from the antenna port of the primary circulator

in a two circulator tandem configuration operating at 5.4 Gc.

In this configuration the power was supplied to the trans-

mitter port of the secondary circulator, the antenna port of

the secondary circulator was connected to the transmitter

port of the primary circulator, insertion loss and
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Upper Trace: Input Signal to Circulator-Limiter
Duplexer

Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 psec/cm

Middle Trace: Output Signal from Circulator
(Transmitted Signal)

Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 jisec/cm

Lower Trace: Output Signal from Limiter of
Circulator-Limiter Duplexer
(Received Signal)

Vertical Gain 0.02 volts/cm
Horizontal Sweep Speed 50 jisec/cm

Figure 23. Burst No. 9, Waveforms of Input and Output
Signals of Circulator-Limiter Duplexer and
Output Signal from Single Circulator
Operating at 5.6 Gc
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Upper Trace: Input Signal to Tandem Circulators
Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 [ sec/cm

Lower Trace: Output Signal from Antenna Port of
Primary Circulator

Vertical Gain 0.005 volts/cm
Horizontal Sweep Speed 50 ýsec/cm

Figure 24. Burst No. 12, Waveforms of Input and Output
Signals of Tandem Circulators Operating at 5.4 Gc

mmM

Upper Trace: Output Signal from Irradiated Front
End

Vertical Gain 0.05 volts/cmo
Horizontal Sweep Speed 50 lsec/cm

Lower Trace: Output Signal from Receiver Port of
Signal Circulator

Vertical Gain 0.005 volts/cm
Horizontal Sweep Speed 50 •sec/cm

Figure 25. Burst No. 11, Waveforms of Output Signals from
Irradiated Front End and Receiver Port of
Single Circulator Operating at 5.6 Gc
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isolation signals were detected at the antenna and receiver

ports of the primary circulator, respectively, and the VSWR

signal was detected at the receiver port of the secondary

circulator.

Figure 25 (upper trace) is a photograph of the change

in signal level detected during the eleventh burst from the

output of the isolator on the irradiated front end. The

front end inside the KIVA consisted of a klystron, klystron

blower, waveguide variable attenuator, waveguide-to-coax

adapter and an isolator.

Analysis of the data in Figures 23 through 25 and

all other data for the front end in the KIVA and configu-

rations involving more than one component will be discussed

and tabulated in a later section of this report.

4.1.5 DC Voltage Experiments

Components tested in the high voltage dc experi-

ments included the circulator, limiter, isolator, assorted

half-potted* and unpotted connectors, waveguide elements

and open-ended pieces of RG 58 C/U and RG 5 B/U cable, The

experimental configuration for these tests has been de-

scribed and pictured in a previous section (Section 4.1.2,

Figure 7) and will not be covered here.

* The potting compound used in these experiments was Dow
Corning Svlqard 183. The dielectric constant of this
resin at C-band frequencies is greater than 3.00. Thus
when used in microwave experiments it is not a suitable
replace ent for air, but for the dq experiments there
were, or course, no problems of this nature.
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Figures 26 and 27 are representative photographs of

the data obtained from the dc experiments. These type ex-

periments were performed during all sixteen bursts. Fig-

ure 26 (upper trace) is a photograph of the change in sig-

nal level detected during the sixth burst with 460 volts dc

applied to the input port of a limiter; also shown (lower

trace) is a photograph of the change in signal level de-

tected during the sixth burst with 430 volts dc applied to

an aluminum air filled waveguide element. A oositive

polarity was used in both experiments -- this means that

the electron flow was from the outside sheath of the

RG 58 C/U cable to the center conductor. Figure 27 (upper

trace) is a photograph of the change in signal level de-

tected during the fifteenth burst with 460 volts dc applied

to a short piece of open-ended RG 5 B/U cable; also shown

(lower trace) is a photograph of the change in signal level

detected during the fifteenth burst with 430 volts dc

applied to the input port of an isolator. A negative

polarity was used in both experiments -- this means that the

electron flow was from the inner conductor to the outer

sheath of the RG 58 C/U cable.

Analysis of the data in Figure 26 and Figure 27, and

all other data for the dc experiments, will be discussed and

tabulated in a later section of this report.
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Upper Trace: Limiter with 460 volts dc Applied
with Positive Polarity

Vertical Sensitivity 0.20 volts/cm
Horizontal Sweep Speed 50 ýisec/cm

Lower Trace: Air Filled Aluminum Waveguide with
430 volts dc Applied with PositivePolarity

Vertical Sensitivity 0.20 volts/cm

Horizontal Sweep Speed 50 B sec/cm

Figure 26. Burst No. 6, Signal Response from Limiter and
Aluminum Waveguide to 460 and 430 volts dc
Applied with Positive Polarity
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Upper Trace: Open Ended Piece of RG 5 B/U Cable
with 460 volts dc Applied with
Negative Polarity

Vertical Sensitivity 0.05 volts/cm
Horizontal Sweep Speed 50 M sec/cm

Lower Trace: Isolator with 430 volts dc Applied
with Negative Polarity

Vertical Sensitivity 0.10 volts/cm
Horizontal Sweep Speed 50 M sec/cm

Figure 27. Burst No. 15, Signal Response from'Open Ended
Piece of RG 5 B/U Cable and Isolator to 460
and 430 volts dc Applied with Negative Polarity
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4.1.6 Component Activation

After the series of experiments was completed, the

health physics personnel at the SPRF survey-monitored all

equipment and components that had been inside the KIVA

during one or more bursts. The results of these surveys

indicated that the limiters, the circulators, the alumi-

num mounting platforms, the waveguides, the klystron,

waveguide attenuator and adapters had been activated to

levels ranging from 10 to 50 mr/hour. The activity was

predominantly made up of electrons and was considered to

be of short-lived duration. All other components which

were exposed to a number of bursts were found to be some-

what P active, 1-2 mr/hour. This activity was also of

short-lived duration and not considered significant.

4.2 ANALYSIS OF DATA AND RESULTS

4.2.1 Calibration Procedures

Correlations of the millivolt deflections observed

on the oscilloscopes to db changes in the operating charac-

teristics of the components were obtained by much the same

methods as those used during the September series of ex-

periments. 6 These methods made use of calibrated variable

attenuators (PRD Model 173D) which were inserted in the

circuit front ends immediately behind the klystrons (see

Figure 1). Attenuations (as measured on both a VSWR meter,
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Sperry Microline Model 29A1 and a power meter, Sperry

Model 31AI) of 0, 0.5, 1.0, 15, 2.0 and 3.0 db were intro-

duced into each test circuit by means of the calibrated

attenuators0  A photograph of all these six cw signal

levels representative of the six different known attenu--

ations was obtained for both preamplifiers of each scope.

The preamplifier vertical sensitivities were recorded and

correlations between millivolts in deflection of the cw

signals due to a burst of nuclear radiation and db power

level changes within the circuits were established.

The settings on the calibrated variable attenuators

for 0.5, 1.0, 1.5. 2.0 and 3.0 db attenuations were deter-

mined by measuring power outputs at the positions normally

occupied by the crystal detectors used to monitor the in-

put signals of the three test set ups. These settings were

determined for 1000 cycle square wave modulation operation

of the klystrons. It was later felt that the crystal de-

tectors and VSWR meter at the monitor signal outputs were

being driven, powerwise, into a region above square-law

operation*. Since the VSWR meter and crystal detector

* Saguare-law detection implies that the output signal is
proportional to the square of the amplitude of the input
signal. This type behavior is illustrated analytically
by a Taylor expansion of the output current as a function
of the input voltage terminating in the square term. It
can be shown that any rectifier will function as a square- 7
law detector when the applied signal is sufficiently small.7
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were used at the same location in the circuit, and the VSKR

meter is a square-law device, the crystal detector should

also have been operated as a square-law device for the cali-

bration. Crystal detector operation, at powers out of the

square-law region, degrades behavior into a linear response.

For this reason a recalibration with sufficient padding

ahead of the crystal detector, to guarantee square-law oper-

ation, was required. These recalibrations were performed,

and the data properly corrected.

As an illustration of these effects, the results of

the recalibration for the third test set up are shown in

Table 3 wherein they are associated with the original attenu-

ations of 0, 0.5, 1.0, 1.5, 2.0 and 3.0 db.

TABLE 3. RECALIBRATION OF ATTENUATIONS INTRODUCED INTO
TEST SET-UP NUMBER 3

Attenuations Corresponding Attenuations
For Pow-r Above For Power Within

Square-Law Scuare-Law
Behavior Region, Behavior Region,

db db

0 0

0.5 0.85

1.0 1.9

1.5 2.9

2.0 3.7

3.0 5.4
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Figure 28 is typical of -the results of the cali-

brations. This particular photograph was taken on oscillo-

scope number four (inputs 7 and 8) prior to the first

radiation burst. The vertical sensitivity for both pream-

plifiers was 0.05 volt/cm0 Five (the dc experiments were

not calibrated in this manner) such photographs were ob-

tained whenever circuit (cable or component) changes were

made between succeeding bursts°. The ten such sets of data

for bursts one and two are plotted in Figure 29., Curves

such as those shown in Figure 29 were used to derive

quantitative values for the changes in power levels at the

test specimens for all sixteen bursts.

The following sections of the report contain. tabu,-

lations of the calibrations of all, data in which a signal

level change was detected.,

4.2.2 Wave2uide Results

All waveguide data in which a Lhange in signal level

was detected have been analyzed by the use of calibration

curves similar to those described dbove., The results of

these analyses are presented in Table 4. All columns in

the table except those discussed in the remainder of this

paragraph are considered to be self-explanatory. The fourth

column lists the input number which was used for the speci-

fied signal during the burst indicated,, Inputs 1 and 2
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Upper Signals: VSWR from a Circulator
Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 tsec/cm

Lower Signals: Output from Receiver Port of
Circulator

Vertical Gain 0.05 volts/cm
Horizontal Sweep Speed 50 tsec/cm

Figure 28. Signal Level Changes (in Millivolts) Caused
by Insertion of 0, 0.85, 1.9. 2.9, 3.7 and
5.4 db Attenuation Steps Into Test Circuit
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CHANGE IN S IGNAL POWER LEVEL 1O D1

Figure 29. Burst No. 1, Calibration Curves Relating
Millivolt Signal Level Changes to db Power
Level Changes
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were applied to preamplifiers I and 2 of oscilloscope number

1, inputs 3 and 4 were applied to preamplifiers 1 and 2 of

oscilloscope number 2, etc. The seventh column identifies

each of the signals. In some instances (those denoted by an

asterisk) the change in signal level was so large that the

pulse went off scale for the vertical gain settings used on

the oscilloscope at the time of the burst. Well defined

photographs of these pulses were later obtained by playing

back the magnetic tape and photographing the playback signal

on an oscilloscope on which a less sensitive vertical gain

setting was used. The ninth column presents the crystal

detector sensitivity which is defined as the number of

millivolts change in the vertical position of the trace per

db of attenuation inserted into the circuit. The crystal

sensitivities were determined from the calibration curves

previously described. Column 10 indicates the vertical

sensitivity settings on the preamplifiers associated with

each set of data. Column 11 presents the magnitude of the

radiation effect in the waveguide in millivolts - - these values

were obtained directly from the oscilloscope photographs

for each burst. The last column gives the magnitude of the

radiation effect in terms of db, namely' magnitude of effect

in db (value in column 12)

_ Maqnitude of effect in millivolts (value in column ll-
Crystal sensitivity in millivolts/db (value in column 9)
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The following conclusions concerning the waveguide

data were drawn from a review of the values presented in

the 12th column of Table 4.

The data from bursts 2 and 3 (identi-
fication numbers 2, 3, 4 and 5) in-
dicate that the increase in the magni-
tude of the attenuations of the brass
and aluminum waveguide elements due to
the radiation bursts was 0.352 db and
0.268 db, respectively, which were
superimposed on inherent per foot
attenuations of 0.015 db8 and 0.012 db 9 ,
respectively. Since one foot waveguide
sections were exposed, the radiation
caused a 2350 per cent transient increase
in attenuation in the brass waveguide
(air dielectric) and a 2230 per cent
transient increase in attenuation in the
aluminum wavequide (air dielectric.).

The data from bursts 4 and 5 (identi-
fication numbers 6 and 9) indicate that
the increase in the magnitude of the
attenuations of the brass and aluminum
waveguide elements (loaded with low
density Styrofoam) due to the radiation
burst was 0.922 db and 0,703 db, re-
spectively, which were superimposed on
inherent per foot attenuations of approx-
imately 0.015 db and 0,012 db, respectively.
Since one foot waveguide sections were
exposed, the radiation burst caused a 6150
oer cent transient increase in attenuation
in the brass wavequide (low density Styro-
foam dielectric filled.,) and a 5860 per cent
transient increase in attenuation in the
aluminum wavequide (low density Styr-ofoam
dielectric fille .

The data from bursts 4 and 5 (identifi-
cation numbers 7 and 8) indicate that the
increase in the magnitude of the attenu-
ations of the brass and aluminum wave-
guide elements (loaded with high density
Styrofoam) due to the radiation burst was
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0.103 db and 0.091 db, respectively, which
were superimposed on inherent per foot
attenuations of approximately 0.015 db and
0.012 db, respectively. Since one foot
waveguide sections were exposed, the radi-
ation burst caused a 687 per cent transient
increase in attenuation in the brass wave-
quide (high density Styrofoam dielectric
filled)and a 758 per cent transient in-
crease in attenuation in the aluminum
waveguide (high density Styrofoam di-
electric filleD).

The data from burst number 6 (identification numbers

11 and 12) is not thought to be an acceptable quantitative

measure of the radiation effects in the coax-to-waveguide

adapters. There is some doubt that the electromagnetic

wave (signal) was satisfactorially "launched" from the probe

in the first waveguide since the length of cavity available

between the "launching" and "receiving" probes was very

short (-9.84 cm for a signal wavelength of -5.36 cm).

4.2.3 Circulator Results

Table 5 presents the results of the analyses of all

circulator data in which a change in signal level was de-

tected. As previously noted, one circulator (Serial No. 70)

was irradiated in all bursts. During bursts 8 and 9 this

circulator was connected in tandem with a second circulator

and this data will be reported in a later section of the

report.
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The following general conclusions concerning C-band

coaxial ferrite Y-junction circulator data were drawn from

an examination of the values presented in column 13 of

Table 5.

The data from bursts 1, 3-7 and 10-16
(identification numbers 1, 3, 5, 7, 9,
11, 14-19 and 21) indicate that the
average increase in the magnitude of
the insertion loss between the trans-
mitter and antenna ports of the cir-
culator due to the radiation burst was
0.04' db which was superimposed on a

maximum inherent insertion loss of 005 db.
Thus, the radiation caused a 8 per cent
transient increase in insertion loss in
the circulator.

The datum from burst number 10 (identification number 13)

was neglected since it is a factor 5 greater than the

average value and no justifiable reason for accepting this

discrepancy is readily apparent.

The data from bursts 1, 3-7 and 16
(identification numbers 2, 4, 6, 8, 10,
12 and 22) indicate that the average in-
crease in the magnitude of the isolation
between the transmitter and receiver ports
of the circulator due to the radiation
burst was 0°09 db which was superimposed
on an inherent minimum isolation of 20 dbo
Thus, the radiation appeared to cause a
0.5 per cent transient increase in isola--
tion in the circulator.

With reference to this apparent increase in insertion loss

and isolation, it should be noted that the magnitude of these

effects are comparable to the magnitude of the radiation effects

previously noted in type N connectorsl9 Thus, the apparent increase
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in insertion loss and isolation noted above may be caused

by a decrease in signal level due to radiation effects in

the type N connectors making up the external transmitter,

antenna, and receiver ports of the circulator.

4.2.4 Limiter Results

Table 6 presents the results of all the gyromagnetic

coupling limiter data in which a change in signal level was

detected. Very little data were obtained for single opera-

ting limiters during this series of experiments. Rather,

attention was focused on studying a circulator-limiter

duplexer and the data from these studies will be reported

in a later section of this report.

The following general conclusions are drawn from a

consideration of the values presented in column 13 of Table 6.

The datum from burst 7 (identification num-
ber 1) substantiates1 1 the fact that the
average increase in the magnitude of the
insertion loss of the limiter due to the
radiation burst was 0o.0 db which was super-
imposed on an inherent insertion loss of
1.2 db. Thus the radiation caused a 8.3
per cent transient increase in the insertion
loss in the limiter.

o The datum from burst 15 (identification
number 3), although hardly conclusive due
to poor calibration sensitivity, indicates
that for a power of 0,8 watts incident to
the limiter the increase in the magnitude
of the insertion loss in the limiter due to
the radiation burst was 1oA db which was
superimposed on an inherent insertion loss
of 1. 2 db., Thus for a power level of Q.8
watts the radiation caused a 83 Per cent
transient increase in the insertion loss in
the limiter.

4-50

FOR OFFICIAL USE ONLY



2o 2

° 0

0

o o0 -

~ C' o0

44-5
FOR OFFICIAL U £0OL



The latter conclusion should be considered as more qualitative

than quantitative but the idea that the radiation effects be-

come more pronounced at higher powers is certainly probable.

4.2.5 Isolator Results

Table 7 presents the results of the analyses of all

internal magnet coaxial isolator data in which a change in

signal level was detected,

The following general conclusions are drawn from a

consideration of the values presented in column 13 of Table 7.

The datum from burst 6 (identification
number 1) indicates that the increase in
the magnitude of the insertion loss in
the isolator due to the radiation burst
was 0oi db which was superimposed on an
inherent insertion loss of 0,.9 dbo Thus
the radiation caused an 11 per cent tran-
sient increase in the insertion loss of
the isolator.

The datum from burst 7 (identification
number 2) indicates that the increase in
the magnitude of the isolation of the
isolator (operating in the reverse di-
rection) due to the radiation burst was
0.06 db which was superimposed on a mini-
mum inherent isolation of 15 dbo Thus the
radiation caused a 0.4 per cent transient
increase in the isolation of the isolator.

No attempt was made to interpret the data from the

eighth and ninth radiation bursts (identification numbers

3 and 4) since the placement of the crystal detector in-

side the KIVA (at the isolator output) apparently had a

serious effect on the normal operating response of the
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crystal. The deterioration of the crystal response was

verified after it had been removed from the KIVA by means

of a sensitivity test. This effect was not unexpected and

the possibility of crystal response deterioration in the

presence of radiation was one of the items which was to be

investigated during the January trip.

4.2.6 Results From Configurations Involving More
Than One Component and Front End Inside KIVA
Tests

Table 8 presents the results of the analyses of all

data in which a change in signal level was detected for

configurations involving more than one component and the

front end inside the KIVA. These data are somewhat more

difficult to analyze in a systematic fashion and thus, it

is felt that the following conclusions should be regarded

as more qualitative than quantitative even though quan-

titative values are presented therein.

The following general conclusions concerning config-

urations involving more than one component (viz., a cir-

culator-limiter duplexer and two circulators in tandem) and

the front end inside the KIVA were drawn from an examination

of the values presented in column 13 of Table 8.
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Circulator-Limiter Duplexer (Limiter Connected
to Receiver Port of Circulator. Power Input to
Transmitter Port)

The data from bursts 8, 9, 15 and 16 (iden-
tification numbers 1, 6, 15 and 22) indicate
that the average increase in the magnitude
of the transmitter to receiver port iso-
lation at the circulator plus the insertion
loss of the limiter due to the radiation
burst was 0.05 db. This increase was super-
imposed on a minimum inherent isolation of
20 db (circulator) and a maximum inherent
insertion loss (limiter) of 1.0 db. Thus,
the radiation caused a 0.2 per cent tran
sient increase in signal attenuation be-
tween the input at the transmitter port of
the circulator and the output port of the
limiter.

The data from bursts 8, 9 and 16 (identification numbers

4, 7 and 23) were not analyzed because placement of the

crystal detectors inside the KIVA degraded their perform-

ance and resulted in poor calibration and test sensitivity.

Tandem Circulators (Antenna Port of .Secondary
Circulator Connected to Transmitter Port of
Primary Circulator. Power Input to Transmitter
Port of Secondary Circulator).

The data from bursts 10, 11 and 12 (iden-
tification numbers 11, 14 and 17) indicate
that the average increase in the magnitude
of the change in VSWR signal level from the
primary circulator and/or the change in
magnitude of the isolation of the secondary
circulator due to the radiation burst was
0.05 db. This value is nearly equal to the
increase in the isolation measured in the
single circulator experiments (see Section
4.2.3). This fact suggests that there was
no significant change in the VSWR signal
level of the primary circulator but rather
an increase in isolation between the trans-
mitter and receiver ports of the secondary
circulator.

4-55

FOR OFFICIAL USE ONLY



*0-...

Co ~ ~ I Cn In0 C o C 0

0 ooCC - C

Cr-.0 Elt t oa o C

0O bJI CO 0

0CC

0C SC. Io --- '!t C 0

II-I vC C.

E.

a ~ CC. In. In 00.nI

0.22 ~ C CC. -0

CCCCCCC C.CC ~ t ~t to tr-0 
0

C. CC.CC Co*x

00 
0 i s 5 q

0C CC At o 2-0

o 0 o

CCO.
0

~~~ 0.. . o o

C'. . C C CC C

0~~ CC0~C ~. ~ ~
CC C -~j .ý: C~ h0 CC 0. 0

'00 CCC 0
0C.

CC ~ ~ ~ ' 2 9
0 C .~rC b0 rC 9.C C 28 E: .. C.CC

C.! CCC In.g . ~ C
0 

C
0

C oC 
0

C

4-56. C ~ 0 o'

FO ... o- tOFFCIA US ONLY O~C CC toC



2.0

00 t

El 0 0C

t 0 0 0

uS

*0"4-57

SOFICA US ONL



S sS

0 0 04 0 0

a4 0 0 0 1

t4 1 003 0 o 0

•ol00

30 um 04, 4

ozo

4-58

FOR OFFICIAL USE ONLY



t'S

o .a

0~ 0

0 "'

r

oo

C io g, 0 0 w

0 
d

00

rii

00

4-59

FOR OFFICIAL USE ONLY



The data from bursts 9, 11 and 12 (iden-
tification numbers 8, 13 and 16) indicate
that the average increase in the magnitude
of the insertion loss between the trans-
mitter and antenna ports of the primary
circulator due to the radiation burst is
0.05 db which was superimposed on an in-
herent maximum insertion loss of 0.5 db.
Thus, the radiation caused a 10 per cent
transient increase in the insertion loss
of the circulator.

The data from bursts 8 and 9 (identification numbers 3, 5

and 9) were not analyzed because placement of the crystal

detectors inside the KIVA degraded their performance and

resulted in poor calibration and test sensitivity.

Front End Inside KIVA

The data from bursts 13 and 14 (iden-
tification numbers 19 and 20) indicate
that the average increase in the magnitude
of the transmitter to antenna port in-
sertion loss of the circulator (operating
at a power level of approximately 1.75
watts) due to the radiation burst is 0.12 db
superimposed on a maximum inherent insertion
loss of 0.5 db. Thus, the radiation caused
a 24 per cent transient increase in the
insertion loss of the circulator.

The data from bursts 10, 11, 12 and 16 (identification numbers

12, 15, 18 and 24) are not consistent enough to justify in-

terpretation. The magnitude of the radiation effects decreased

with increased front end exposure and on the last burst an

overall decrease (identification number 24) in attenuation was

noted. Although it is possible to postulate that the klystron

became more radiation resistant with each successive burst,
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too few data have been obtained to draw a positive con-

clusion to this effect.

4.2.7 Results of DC Experiments

The analysis of the data from the dc experiments

was performed in a different manner than that used for

interpreting the microwave experiments. No calibration

curves were obtained; rather, the deflection of the signal

level (volts) as observed on the oscilloscope was used to

calculate the amount of current which must have flowed or

leaked across the open circuited component or cable at the

time of the burst. The following formula (derived for the

circuit shown in Figure 6) was used in perform these

calculations:

AE (R1 + R2 )i3 =
R, Rm

where

i3 = current flowing across open circuited
test component or cable, amperes

AE = change in signal level due to radiation
burst as observed on oscilloscope, volts

RI = equivalent loading resistance, ohms

R2 = resistance in parallel with test
component, ohms

Rm = oscilloscope and recorder termination
resistances in parallel with each other,
ohms.
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The results of these analyses are presented in Table 9.

The susceptibility of the test specimen to a leakage current

induced by the radiation is reported in terms of the effec-

tive resistance that existed between the high potential and

ground planes at the time of the burst. The effective re-

sistance was calculated by dividing the voltage applied

across the component (column 6) by the leakage current

(column 10). The final value of one of the resistors used

in the power supply was not set until the fourth burst.

Because of this, higher voltages were applied to the com-

ponents during the first two bursts and a different termi-

nation resistor was used across the oscilloscope for the

first three bursts.

The following qualitative conclusions were drawn from

an examination of the values presented in column 11 of

Table 9.

For a positive polarity the microwave com-
ponents, particularly circulators and iso-
lators, exhibited the lowest equivalent
.resistance (evidenced by the low magnitude
of the values in column 11 for identification
numbers 14, 16, 18 and 20). Possibly, this
effect is due to the very shott air filled gaps
between the conductor and ground planes in
the components.

The transmission lines (waveguides and coax-,
ial cables) do not appear to have as low
equivalent resistances as the components
(evidenced by the relatively high values

in column 11 for identification numbers
2, 4, 6, 17, 19, etc.).
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. The effective resistance appears to be
dependent on the polarity (evident from
a comparison of the values in column 11
for identification numbers 16 and 27)
possibly implying that the radiation
effect is dependent on the available
electron leakage surface area.

4.3 DOSIMETRY

The burst magnitude data provided by the SPRF per-

sonnel at the time of the experiments is summarized in

Table 10. The change in bulk reactor temperature during

the burst is given with the total number of fissions which

occurred during the burst. The latter parameter is cal-

culated by means of the following relationl2:

Total number of fissions = AT (OC) x 1016
55

The dosimetry support given by the Sandia Corpor-

ation Nuclear Measurements and Dosimetry Section consisted

of the following:

(a) Four sulfur pellets per burst to
measure the integrated neutron
(En > 3.00 Mev) flux at each com-
ponent.

(b) One each per day of plutonium,
neptunium and uranium fission foils
enclosed in a boron ball to measure
the integral neutron fluxes where

En > 0.01 Mev for Pu threshold

En > 0.7 Mev for Np threshold

En > 1.5 Mev for U threshold
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TABLE 10. SPRF BURST MAGNITUDE DATA FOR THE SECOND SPERRY
MICRCOAVE ELECTRONICS COMPANY EXPERIMENTAL SERIES

SPRF SMEC
Burst Burst Total Number of

No No. Date Time ATeC Fissions

1-41 1 1-14-63 0916 100.7 1.83 x 1016

1-42 2 1-14-63 1052 107.0 1.95 x 1016

1-43 3 1-14-63 1231 108.6 1.97 x 1016

1-44 4 1-14-63 1402 108.0 1.96 x 1016

1-54 5 1-15-63 0915 109.7 1.99 x 1016

1-55 6 1-15-63 1044 108.0 1o96 x 101-6

1-56 7 1-15-63 1209 108o5 1.97 x 1016

1-57 8 1-15-63 1342 109.0 1.98 x 10 1 6

1-58 9 1-15-63 1503 109.5 1.99 x 10 1 6

1-67 10 1-16-63 0838 114.0 2.07 x 1016

1-68 11 1-16-63 1004 i09.5 1.99 x i0 1 6

1-69 12 1-16-63 1127 112.3 2.04 x 1016

1-70 13 1-16-63 1259 107.5 1.96 x 1016

1-71 14 1-16-63 1432 107.2 1.95 x 10 1 6

1-78 15 1-17-63 0934 106.0 1.93 x 1016

1-79 16 1-17-63 1057 107.5 1.96 x 1016
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(c) Two gold foils for each burst, one
of which was cadmium covered, to
measure the integrated neutron
(En < 0.4 ev) flux.

(d) Three glass rods (in lithium cylinders)
per burst to measure the integrated
y-ray dose in rads H2 0 (In this defi-
nition 1 rad is the amount of y radi-
ation necessary to produce a 100 erg/gram
energy absorption rate in water).

Only one set of fission foils (item b above) was used per

day of testing. The E. > 0.01 Mev, En > 0.7 Mev and

En > 1.5 Mev integral fluxes for the other bursts obtained

that day were inferred from the values measured during the

burst in which the foils were present. A ratio of burst

to burst integral fluxes (En > 3.0 Mev), as measured by the

sulfur pellets, was used to calculate the equivalent fission

foil fluxes for the other bursts obtained during the day.

This procedure was suggested by SPRF personnel 1 3

In order to obtain the maximum dose rates from the

integral quantities reported by the Nuclear Measurements

and Dosirmetry Section the following procedure 1 4 was followed.

"The reactor period associated with the burst is denoted

by T. The width of the neutron pulse at one-half maximum, Tw,

is given by Tw = 2.86T. For a 50-microsecond wide pulse,

the period is 1.75 x 10-5 seconds or 17.5 microseconds. The

reciprocal reactor period a = 1/T is 5.72 x 104 sec-I.
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The ratio of peak fission rate to total fissions is

Fmax _~. a4Fmal = a = 1.43 x 104/second for a 50-Lsec pulse.F'total T

The neutron flux above 3.0 Mev is measured by sul-

phur pellets which is about 14.5 per cent of the total flux

above 10 Kev. The first collision tissue dose is related to

the sulphur flux by I= 1.66 x 10-8 0s. About 80 per cent

of the total neutron dose is delivered during the prompt

critical burst and the remaining 20 per cent during the de-.

layed critical portion of the burst.

Approximately 75 per cent of the total gamma dose

is delivered during the prompt critical burst, and the total

gamma dose is approximately 10 per cent of the total neutron

dose. The peak gamma dose rate for a 50-microsecond burst

then becomes 1.07 x 10 3Dn, where Dn is the total neutron

dose delivered during the burst." The results of these type

calculations giving dose rates along with the integral doses,

where available, are given in Table 11. (Which appears at

the end of this section.)..

The. interpretations of signal level changes greater

than 1 db reported in Table 11, (which appears at the end of

this section) excepting the large changes observed in the

front end inside the KIVA tests, were due to poor sensitivity

in the calibration procedures which was generally caused by
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placement of the crystal detector inside the KIVA. Changes

in signal level did occur in these cases, however the

magnitude of these changes was undoubtedly more of the

order of tenths or hundredths of a db. Such changes would

be in agreement with the results of component tests where

good calibration results were obtained.
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2 4.5 0 1012 4.82 1 1 !112 Iu7 'l ll) I.•o TA1` ',2:1 lo-'' 17.5 . 1 II'' 1.1711 T.:~ 1'4 ., X II'' 1,24 1. 1'A

54.1 1 5 1 1 1 9 1 2 4. "' ) 11 )1 1 2 1.1 )7 ] ') 1 .X'. TI l '' ' ,1 1 "' ' I . , ). I.)1 "l" .,1 • ×1.•,. 1 . 7 1.2 3

1 79 .1-`

5.7 , x1) 1 o12 x .o) )',11 Z-1.1, 91) 1 1 - I,' : hI .'':.-,, : 2., .)1 .

2 .72 x O12 3v x lj, I ,-I x I, I.) l 1 Q4 xI,1 I'0

52 .72 x u I21 o') x) 1'. 1 1.1,7 IQI ' ,9 1 '.) I0 l T ))4.jT ~ 7
9 ,I2''

2 G.72 x 1012 .5, x It11 0, ,1 ,"].',7 x. I,'.1 T.T

2 .71 x to 12 .54 % 1014 1.,17, x lo I I ". 1, 1.4 1 tt il, x I", I2 .72 x 10.12 b. 'A x 1012 1 ."7 x Io1'I I., x Il' Q4) I x0 ) P/ ' 1-1, l.1 • A l' x. ; 1041 18 ,• 1.t

2 4 .99 . 10 12 4 .82 X lQ 12 1.1' :# )' .I, 4 s' ' ll • • . 1 )' 1 $7 X )4 I'O lX 11'' 1 1 ¢
2 4.,)y . 1012 4 .7') x 1,112 I.I)X 11d11 , :. III t '1 w. O 1,'., 2 10)-1 . T 7 x "I x,.l I .I 1. 0 x !0 a

4 .9q . 101 I M.O 10 I 2 1. 4'1• P,•I lhZ 11 82, •~OIt, .N 1Ot)7 2. 111 'l.o• I .'r S.1.

4 Q1.0 x 10,12 4,, < t• . 1 . .4 ,1 0. ,,

5 .(01, x 1o12 4 . W, x< o10' 1.0' . o1 n I. 17 ,% I4 W;o x IQ`- 17.,q" 10- "t .4• 1 10'" ,, l. 11", .' 10 1

2 05 . ( I Ox10) (7,.• :8 t {1 .x 10 1IfIn I ].J,I x 1 Q4 W, GIO ( 17.' I, : ,: t~ • ' d 10" .7 11 2 '; x 10 1.7

2 .01, x ](,I- F.l 101 1O;.I," x 10 10 1 .D I •4 r'j 104 10-,' 17.'- 10 "O ' I ,1 1I o"• 10,~'/. 2 X O 1 .71

5.0'5 ~ ~ ~ ~ ~ ~ ~ ~ 1 1 0" -l ~' ()"rIll .I '4'' "!-' ,1. 0- 0,[ N IO' '.."- 0i( 2. 12 11)• 1.1

I0



TABLE 11. NEUTRON ANDY - RAY DOSIMETRY PROVIDING INTEGRAL DOSE

AND DOSE RATE EXPOSURES TO THE MICROWAVE COMPONENTS

11 12 13 14 15 16 17 18 (SHEET I)

bbX .I o 3.( 0L ' 'V,0 t, I-PULSEWIDTH 41D733 LY T I.oI x if) 3 1 itn
EIA,E "ET At'HT .1-KAb'X. [1.11..1 1.€• .... I ý;W 1,'b~~ 11}{IIU III, '~'I C D I

I, Ii' E DETERMINED VON REA,33 3 '1`ý;AMEN 1K:133ED35 E, EA% 1)%1: SI-,IlkNPRP TRO'IGIRT RApH, , I), .' l'x 3l/,3, (, I'S/.-;1, SNODIATION ERIE'NCT ON COMPONENT

3.21 .3 304 x o.2 x 1033 3. 333 33 3333 1'1 1. 7o x 3I 3.2q 3 1x 7 3.03 D31 INCRE3ASE IN INSERTION LOSS
U.310 IM3 INCRE3 13 IN ISOLATION

39 . 14 0-0. 0.16 R3 INCASE 11N ATTENUATION

.423 3 hi335 3 3-3 ['.2x 2;"" x.3,3 X04 3, I2.3333 3 53 2.3x 10-0 3x-31,7 33IN3E' t 3ERVED

I.337 x 104 5 X 10-03].233 10-34 5" '"'3 33' 1 0. xIo 103 7 61.1 x 106 1, APPARENT RESISTANCE
,A 'RO3SS COM3PONENT

1,.17 , V04 55 x 10-1 13.2 . I3-€3 1 )4 x .,11 x 1,7 631.8 x 100 3 APPARENT RESISTANCE

I~~~~j4CR S 54 xI 0-0 18. oN x•' I'T ýNL O LE
r,. 1 '; 104 5,4 . 10-O 1S ' x I1-11 .'/ X ,I ,.•l • ,1• I '' 1,• 1. " 14 N¢E o S R E

3. 3 104~ 33.3 3 10-" 33.' 3 1'"-. 3.3; 33 3•1.3•'} 33 3' ' :.3 3.. 3* 2.73 x I.) 0 33.335 D03 INCREASI, IN23 ATPE3NUATION

33 3,3' 33.3I54 3 3 O 33.3l 33 3.0''h 3.') 3. 3 3' 3.33 33" 3 ,I J.2" 33 ~lo1 2.3 5 1 x p" '1.22" 1333 1 -3N REAsE TIN ATI'rENNUATION

1., )4 53!,4 5 " IO-3 33,.3i 3,"" .o x 13.3 3.3,,. ,10 .X.1 0--1 1. .x.23o x D)3 , .'3,03 N 1,` . APP'ARE-7NT RESISTANCE
A R C oMPONL23343*IP 3.3I'

h. 3 33. 523 x 30'-1 t 3,. 3, x I3o- I . -3 3.•3 3 .2Al333,3' A AII1043x I RESISTANCE
"RS.3 COMP' 3• NT

1 Y 57 Y. 3,.3 1'.3 3 333' 3.23 .3 ,.. ,t. 2' I. •, f.' 3.33 3 3.3' 0.332 .3 1N333A,3 13 13333"333 IN 10ERTION LOSS
1045, DIý IN7REAS,, I• N ISOLATION

.2, 33 334 5 1'7 3 . '.3, 33 3.3' 3.3 333 302 O .. ,-6 3i3 I32R'L ' I3N ATTEN3UATIOE

3..3 337 I x0-* 3'3,'. t o1 I 3.3 1, [4 3.3' , 1 ... 3 I. I33 F.331 x 33 0.311 1,31 INCRLASE 'IN ATTENU", T303N

3I 3 1 3073 57 x- 10-1- I..'3 , I '' I"3, I x lo; N,.' E 32 L r32,.,VIj.
I. j x 1,14 57 x IUt,- x~ 1')' .ZX 1 "..4, 1 )} 1! 'j I I1 . ,t 11t1 N Nt: ; 0!S1,RV1ED

3.3, 3 10,;7 -33" 1 x I. > 1. 3333' ,. 330 1 11I. .. o, D N IN INSERTION LOSSV

, I) I 2DI• NCRASE IN ISOLATION
.3. 3333 1033343 10-' '3.3 33333- . 3 3,3 . 3 .. ,33 , d.33 3 1 '7'.33.22 x3 11 01,'11.'RE.ASE IN ATTEIN3 A1IO'I3

3 x33 1,.O4 1733 lJ-3 373. x3 - .,', . , 3 3 . . ,x. . ." I, 3.3' -. 3333 315' 1,1". 3333 INR1,3EA.E IN AT3'ENU31IAT123ION

.o9 x 1f,4 57 3 1t.'3 ". 3 3 - .. 3 3-,4 ', 7 x I-0 I .1 4 " ,h3 1,•1 3 4y ,1,33.5 3 1Io' APPARENT RE3RISTA; CE

x.3333,1.3 57 30'' 3-, 3.3" .:' -333" -. ''0 1'" ,.x Io I x 1;).1 1.;1 X I' i . x I oo APPARENT RESISTATNCE
.\3,3,RO3 3X33-33'3,N331 3'3

.%2~ ~ x 0to)x 1-, 1;' x ,.• 14,:1], • .i•' ., 11) .41 x I0, J.0.1 3 111 IN,'JE;,6E IN INSIRTI[ON WASS

1.00 D ICREAh IN £I6,•.A•ION.3633 1075 333"'631." 33 3,""' x.,.33 3, ., . 3. '' j.3 33 13.0 23.33 3i ' .0.3. 3 3DI1NC3303;3E IN ATI333U,T'ITON

.3.3132 033 CK-AN'N IN V.;IIR Sl.3NAL.5333x1 1370-333333333"33 33,., 33333-33 .333 1''" '.33 3.3i'' 2.3'. 33334 .'33333337 333103.;o13 3TNCRE,3.33 IN ATI'W3ATION

.35x 104 5) X p.-'' 17.'- x 131. 1".4 104, 3.3.V x h13 37.0 31333 AVIEAREI2 r R3,L STANCE

.'3.s 3,4 ',.o 1 323"" 1.', 3 3.3"" 1 .1 - 1 7. lo 1. 1.41 x.' 107 331.7 3 3i), A P'PAREiNT k•;.I3 STANCE

. 15 10.l t .1, ."o I , 7 % 10 0.04 D' IN R% ', ' ZEASE ' N INSERTION LOSS

3.3330 333 I3N1CR2i3 SE 313 I33"AVlIA ON'.F.2 X 104 333 Io 1 - 17.'1. 33]33,' ] . ' . , :1 it 14 x I3333 I 31" I., 3. I2 I.•o3•.333 3M IN AI'T 4NUAT'ION
' 3.0 3 3 .333,N.3E IN3 VSWR SI'N3N3,.

..37 3 30" 33 X I.-3 37,. 33" 1 , J,' I t., ,It I . I,'ll 3,.377 373 INCREA1LS 1 I N, 3 ERTLON LOSS
S:.3O3') ,0 lo- 17.5 . t"o 1 . 1 33" i'l x I'),"' I .3,3 10 1 bb33}.t, 3 , 8-.8 x I103` APPAREN3 T RESISTANCE

,"OS CONqPONF E1•

A 0 'it"23 IN EN ',3 r333
33" 3 1334 337 x 333-6 33.33 33 IO-"b 1. 3 3'X 1• l, , : 3 i1 ' .,, 3.3 1, o,31 .O N 3X 3 h)7 3,3. >3 I3O33 AI,3'3AE3 T RE21ISTANC3E

3' , 33 3,4 52 o 3O-' 183.,, x3 [. 37 I Q x 34 ,. 3: lI'3 3.3 33 3,3' 1 ..3 3 1), 0.0,7 3333 ]E 3'REASE IN E1ER1r310N 1,06S
to ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .7 4B 5, o"1.!x1 41 1 1"0gI) I.ýiN1)1NCREASE I'N ISOLATIION

15 10 5: x IO b 1 .. :x l)-' . V X I<{I •.5) x h)• l'• • I t 1 2•x 1 '• O.I,1 iW IN•'REAS F IN INSERTI70ON LOSS0.013 333 ,NA1,i'34E IN V SWR 3 S G3NAL
636 104 52,x 1o-, . . 17 s l. I " x I3, 3,1 3 1 .3 1,3 1 7 %317 0. 3 33Ii 1,N'REAI3SL IN '3OI3T1ION

33 3> 4 ". 3 ' 1.0. 1 1 1- 1 3 1,4 3. .04 333' 1'"3 1 13.233 x 1317 11,11 X 10b APPARENT RESISTIANCE

' , 3. 3 " ' I. ,"1,'' . 1>'' ,.'• , ;. 1.2" x O 233 33 h'x APPAM,3,1NT RES21STANCE

1.414, !1V IN,'RFAS| IN S 3LAT IN '"
I RIARY 03I'W'UAT,'R• q.SAl ý1B ORA,•NOP IN VSWR ,IOA17 4 "x 3 171 - .3o' , 1 . 4 , 1 WIO3 ', . 7 .' " 0 1 .3 o . 0 0 I N t R E A S E I N I NS3 3 R T I oN3 1 0s,3 7 o3:

33.3o333 3I3I '3133N1;E IN VSWR 73IINAL"P1 I.qD NO'REASE IN INSFRION LOSS 0,'
14 0-1 .,x 1 - 1 4 .ot 73 1 ',33,N3AT'3.3,% ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ 0 10 y1- 7qN{)b {4 I' ./xI{' •.qX{: .7", x 1,1" 1.{' I41 RNE,,SE IN ISO1LATION

3 ",: I04 3y 1 31-6 17.S 3 [o-'' 3.3 1 3334 7.3K 3 33333 '. 32 1 3333 3.23' x 333 30.4 103 ' , AIP''ARENTp RE SMTANC1.
4 - ACROSS. '.MV11NINT33 ' 33 %'3 -0 17.5 " 3.33 ': x3, I.t3 I 333 1..42 .x 33N 10..1 x 333 37233 13 31 APPARENT RESr.JrAN3 ' E'

A'Rt ,3'' 'I , 3)33NEN

I 3n dc experiments voltage across components
is ind(icated in volts and polarities are shown.
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TABU

7 8 9 10 11 12 13 14 15 16

INTE' CI6ATID NEUTRON FL[ X S 3LUk 1, 1 11_1n:4U 1 U ID'I T PUbv WIDTHI 1/4T 1/F n> i0 keydt) INTIEOIRA,V EllI I 0.7 m-1I 1'1n 0.01 ML',' 1N'PIIGNTE " UTULm lhtX Nl",UTRi,1! I.UX AT IIAI"-IX. 2.8 1 PEA1K INCIDENT GAMMA DC

U2) (N1L4IT 6N6/6
2

, (N OUTRClN;i' 2 1)n . lv ,n 0.4 I*v NFDURONI'N06 11]00 IFIITI'IM1)IRII FIiRM I146ACTORI) MAX/ 'I"TITA, NEUTRON FLUX lADS (H

(NEbTIITOLNS/6lIl
2

) (NI$UTkONlN/cI.
2

) 16SM1, RAD '.1]'I," - I,•I) 'I)6111APHl, SEC. PER611') , -1120 (INEUTROII/cfn
2  

SEC.)
4.08 X o10' b.73 . 101' -,. , T 1. 1.8 1 , 101 " 1, 4 Io, 10 " 17.4 1 - 1.4 1 I04 9.t) X I0i(• 2.63 X 1

161 4.) 4) 16 .6IIj76 .)16 9.6 0' 266

4.08 , 1,)12 b.71 X .2 10 1. l aAx IoI 111 1 ) 10- 11. A 10- 1.43 x 10 6.61 x 1016 2.79 x 1

4.08 x 1012 6.71 x 10"1 1. 7, 10 1 1 Tit I'll1 0 1I.,1 I01 0 10- I 17.'6 x 10-6 1.4 6 x 10
4  

9.97 x 1016 3.12 x 1

.1.01 x 1012 : .73 x 10512 5 01 1 di I toI 6.50 x 1(14 16) x 10-' 17., x 10" 1.43 3 104 9.37 x 1016 2.72 x I

4 .08 x 101102 2.6.7 x1 1012 1 1 1 < 0) x. DO 1) x to- 7109 x7 10 - 1.43 x 104 9.17 . 101( 2.72 x 1

3.76, 1012 1.4 x 1 12 1.6 " 4 x1 01 Ill1 1 ., I(o1 4 '.10 u 17., X 10-6 1.4) 1 104 7.7q x 1016 1.
7

2 x I-

1 .71 1 4.4,- x 1lo1- "' . oll 1.1 . I 10 1.81, 1- (14 o I x 'I I . I 1.44 1 0.1: 4 1.10 X 1017 2,24 x I,
1.,I 0A,,LAI' .I" NII AVAAII.AP I T- N 'I :,%6I I i. N A .,\ )) 11 o x11 '-o-l 1,1.l" 50 A I-.' W r o.4 x ))4 NoT AVAILAILI, LIT T AVATi

x. , I('2 , 4.4, 1,1; . '.' 1 i .16 " 1 .,, ' '') 1 Io-h 1 .' I, .,1 x IO4 1.10 X 10[7 2.04 6 1(
1.7', x 1012 4.415 1l]) 7.72 x I0 1.111" II. 11ot I '0 1" 11-" 17., Y To� 1.43 x 104 1.10 x 1017 2.34 x 1

L.2 OT1012 X.67 ))112 '1. II I" 101iý 1 2 1.11 .4.. 10" ITo-J 7.6 1)- 1.4, x 104 7.15 x 10! 1.64 x1(

NIC T II' A'AILAIILLE N40 A6\AIILAIII", 1.16 x ITO l'T NJ -VAIIOIýl'. I .,11, x lo" ' 16.,, 17.5 x Io-, 1.43 4 5.05 . 1015 1.27 x 11
T1' N r A AVAILABLE NI A AVAIIAIII.N 1 "I AVAII AI',I: N,' AV0IIA!'II 6' A l,'A 1' 5. 6 lO 11.6 x Io- 1.43 x O4 10NT AV.-IABLE NC')' AVAII

3.26 1012 1..7 x 1012 0.72 1 1.4., > o 1. 42 o 6, 1 0-, 17. xI6 1.1 " I x1 4 6.61 x 1016 2.'1 x IC

.1 1" .. ,, 1 x I 1 ' 1 4 0.61 1016 2 - " I
3. 2. .)'x 1 4.8,261.1 x- ,' 1, 1.%/ " o I,.,' 1' I.1 1 ' 1.4x 1 II7 x.I1o0' 7.28 x 19 1

1.4 x f.,'I A q AV, 111 ,!A q I.I o f x 0,l.1j :,

1 1,. 1 ,•I11,*1 .V liI N., , I.1-1 1,1.5 x I6 ' 1.4, 1. r ,T A. I4 LA6 I N, f A/ ', I

4.. 7 , I 22 '. I I ' 1' 1..' ' '2)"'. , ' ,12111 " I 1 ' '006 1I 17.6 x lo- 1.113 x I ("1 1.121 :- t' k/ 1 10

4.05 x 1012 4.81 X 101 11. 14 6 111 . 1 6. 4 '.0 o, 17.1' x Ilit' 1.4I x104 1.19 x 1017 2.1 X 10

3.42 x 1012 ,1.05 m 1012 4I.`4 x 101, 1.47 :- I. l. ' 1.'. 6 lI'" '. I X 104 7.06 6 1016 1.49)x I0
IF N T AVA1LAB IE N 7.O1 6 1 1 I A.6,V;, A61', I. .AT N 1 lo.". v- 17.05 x 10'' 1. 4 x 104 1.01 x 10i 5 o.s 6 10

, !'.-,ITlI ',A1, i 17.', Ixl-6 1 .4,3 x I0 NP AVAIIAPLE N'T AVAIL
NYP3 AVAII.'-IP F N"T AV'I'oI'17 N,'T IV' I ,.'!l I," 

oi''T'

.7 x o0"
4 1 1 To 1.0 x-01.' x 1

i.0 12 6 1012 ;.w,".6 II ', '' .41,1. . " ',x o" ot 1 . u-10 ' 1.43 x 10 4 17 10

4.O 6 IF) 1012 3.11 O I) , 7.0461 14) I10 1.1'.¢ 1I'1' II,- (7.2 10u- 1.44 x 10'4 1.01 x 10 17 2.19610

1. 12 x 10 4.0 , x T ,.4i I o . I, I12 I Il' I2.1 X 10.

4. 0 . ' .. .x 101L' lt, 1. Plo-, _ 11.2 6 101- 1.17 x 10" 1.7 , 11! 1.6 x 10

if R r 101 x. 12 1. 7,I X,%• 0-$ A I .77 X

* .'VILA'iE '2 ' : ,,61 II rF id' /1 ,' I N1, ;",'11.IA. N -1. A,.ý I 11'I.P:26 I f, 11. 0 )Q' 1.1 6 0-,T AVAOLAI3LI' N.1T AVAIL,)

4441 x IF'l 1.47 x" . 1 14 ' L IIy 19.2 X 10-' 1.37 . 104 1.14 I 1017

2.80 X IO1 4.1. '' 1•' 4 ', .I x '1.2 1.11'.• OO12 >':'' ' 4 .'2' III-l 123.2 6 )))'6 1. 47 6 1O4 1.165 6 34 2.29 6 14'
4. 12 8 4- . 6 4 4, 7 10

2.9 1 12 •. 2 I)1 5 511 I 12.,2 III 1 14 •" I(4 ITT X O • 2 x 10-ua 1.9 0 x I14 7.4'90 1 .7 0
2.49. O 2 X 1I"2-. ' I. P .i4 .lo)4 I'o- I-.2 x 10 1.37 x 10 7.64 x 16 1.77 x 10'

2.696 10,12 . 1,2 x ]I. I T 1.2 I o ]0I1' 1.] ]4 1t)) - Ia.2 X 1 -- 1.7x104 1016 2. S x 10

N1 ý I ',V- I11 l'. N' -F 66/,)) ' F" - N 17' A Pj. 1 IF) 111. 2 X 10- 1.37 . 10" NOlT A'AI NOT AVAI LA

' 18 "a 10 1 .26111 31661) 21 18.2 x 10",' 1.1 .I 6 0 5I.04 10146 1.74 11043
2.99' x 1012 1.12 X I., 10- 1I

2.41' 116) 1,1) ).'2 xI 1.1-01 '..611 1.2 )))1b I.9 04 7.6461 1.7,7 0

2.669 X 1012 1.2 x 112 59H m 1T 2 1.21 4ll ).4,),)4 50 61))'' 1.5 x 1 I1.47 To 4 7,L4 16 1.77 x 103

2.89 X ]102 I.12 2 to 2 5.90 6 10 2 1.21 A 10 1.41.64 104 60610"o ' 17.' 4 10- 1.43 6 !2.47 x 10 3
2.896)912 x .32 1102 ,.98 r 12 1.216) 10 1.14, 104 61". x A0-6 1.413 I ".8 2.47 X 13-

2.6" 1)0)2 1.32" 6 t ,) 5.6596 10121 1.21 y111 Dito I, 14 )4 'o>.61o' 11.6 " xto- 1.436x1 2.476)613
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TABLE 11. NEUTRON ANDY - RAY DOS IMETRY PROVINDING INTEGRAL DOSE
AND DOSE RATE EXPOSURES TO THE MICROWAVE COMPONENTS

12 13 14 15 16 17 18 (SHEET 2)

FURdt PULSE: WID'I T1 PIJb:i E WTN'II !T/! > 10 k-vc 7t 1NTEORATlID 1.07 x [03 Un
IT AT I1ALF-MAX. 2.86 F /(PKAI( INCIDENT GAMMA DOSE, P'AK INCDIDENT RADISATION EFFECT ON COMPONEN-T

D DE'RiNINED FIROM REACTOR t"AX/ T'I'TAL NIUTR'lON ELUX RADS (112() GAMMA LOSE0
VR1F PH'IOTOGRAPH, SEC. PERIrOD, SEC (NI;EITRO''Il/8l

2 
SEC.) RADS/SEC.

10- (7.4 x I0") 1.01 x 104 8 ( Ii' 2.11 8 .6, x I07 01.047 Jill INJREASE IN INSERTION LOSS OP
PRIMARY 'RI0'U0ATO'R

1.000 J)ll INCREASE IN ISOLATION OF"o 10- .1.PRI'MARY ,]R,.U LA'IOR
17.5 x I0 1.43 104100' 1. 1, x 10" 0.060 1I( INSREASE IN INSERTION LOSS OF

0.017 Jl CIIANGE IN VSWR SIGNAL
- 1.4, fB INCREASE IN INSERTION

l Iu-LOSS .F . l 1 ICIRCULAT'1R
50 X10- 17.0 x 10 1.41 (04 0.07 . I0I .12 1 (; .1' 1.8 Ixl7 -. 0.117 6I' INCREASE' IN ISOLATION

x01 130. 11.0 x 10-, (.43 . 104 0. 37 x 803] 2.7.2 x 10 1, x (,(7 20. 1 x 108( APP('ARENT RESISTANCE ACROSS

500 o 10-"" (7.5 x 10-" 1.41 X 104 8.37 5 (N11 2.12 .8 11' 1.1" 8 (7 174 x 10 , APPARRNT RESISTANCE ACROSS
CMN PONENT

50 . 10 17.05 x 0-0 t."43 . 1'1 7.79 x 1
0

1h 1.72 . l0 1 .41) . ((7 0.040 NI COIANGE IN VS1R SIGNAL

(0, x1] 8,. I I 1 I-b 1.4 1 04 .I( x . 110 7 2 4 I ll0 I' . I0l7 ((11..'08 DP INCREASE IN INSERTION LOSS
.il s 10-' 10.- -''" 1 .411 x W( NOT AVAIIARI1.' N"I AVAIIAIII' SP .N 1DIPAIlI,0 " I.700 00 ONCREASE IN INSERT-'ON LOSS

x8 19 0-t 27., Ill .I X.'( II 2.141 . 1.)I x (II 11. 80 x 10 ,: APPARENT RESISTANCE ACROSS

-0 0 17 ''m9.1( NlEM4,
q0 0 10 17.5 x 10- 1.I. X 10 1.10 x 101 2.14 x 1I0 1.- Ix1 153 (0. 10 APPARENT RESTSTANCE ACROSS

"I h MI" NENTI

S 0 0 10 1(.5 . 10-6 1.41 x 104 7.1,, x (0(8 (A4x 11' 1 ..(H .( 1(17 .OO51 D14 INCREASE IN INSERTION LOSS OF
PR1IMARY CIRI'7CULATOR
4-1.5011( AIA[E SN VOWR SIGNAL

50 x 10, 17.5 x 108 1.01' 85 ( I( 1._.7 ,. Ill"' ".111 1. (.718 1NREAE IN INSERTION LOSS
50 X ll 17.IN 10 .40 NIAV(I8'I AVAIN AIII.P: I 1 AVAIIAD I F .- 0.44" DI1 INCREASIE IN INSERTION LOSS

17. 8 x4 ,' V I IAP.'

50 , 10- 0 17.5 x 10- 1 .41 x 1(94 "."1, 8 Ioh' 2. 11 x I) 1.7 " II0) 27., 8 106 APIAREN3 RESISTANIE ACROSS

•o 1 0-I' 17.L 1- .41 -1 O.'.'. . 7 .I 'f (0 '. AA'PAREINT RESTSTATAIL ACROSS

5c1 1 0-0 17. 1.41 1 (W(4 7..'H :. 14'" i. " I.-. I 'll. 1 ,II 1 0N/REA,2E (1 ITN SERTION LOSS OF
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In dc experiments voltage across components
is indicated in volts and polarities are shown.
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5. CONCLUSIONS

The following conclusions are based on operation of

the C-band microwave components at power levels of 80-160

milliwatts in the frequency range of 5.4 to 5.9 Gc and in

a radiation environment of the content and duration of that

produced during a burst at the SPRF. The limits of the

radiation effects on the operating characteristics of the

components are the following:

C-band coaxial ferrite Y.-junction
circulator - The average transient
increase in the insertion loss of
the circulator is less than 10 per
cent, ioe. less than 0.05 db. The
average transient increase in the
isolation of the circulator is less
than 0°5 per cent, _J e. less than
0.10 db.

Internal magnet coaxial isolator - The
average transient increase in insertion
loss of the isolator operating in the
forward direction is less -than 15 per
cent, i.e. less than 0.15 db,, The
average transient increase in isolation
of the isolator operating in the reverse
direction is less than 1 per cent, ioe.
less than 0.07 db,

Gyromagnetic coupling limiter -. The
average transient increase in the in-.
sertion loss of the limiter is less
than 10 per cent, i,.e. less than 0.11 dbo

For operation at a power level of 800 milliwatts, wherein

200 milliwatts is the point at which power, limiting begins,

the average transient increase in insertion loss of the

limiter is less than 85 per cent, ioe. less than 0.85 dbo

5,-1
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Tests of C-band brass and aluminum waveguide elements

with air, high density Styrofoam and low density Styrofoam

dielectrics indicate that significant transient increases in

attenuation occur at the time of the burst. The results of

these measurements are presented briefly in the following

table.

TABLE 12

RESULTS OF PULSED RADIATION ENVIRONMENT TESTS ON
MICROWAVE RECTANGULAR WAVEGUIDES

Magnitude Of
Transient Increase

Inherent In Attenuation
Attenuation During Radiation Per Cant Increase

Par Foot Burst Per Foot, In Attenuation
a 5.6 Go, (Experimental Value) Due To Radiation

Test Element db db

BRASS WAVEGUIDE WIT30
AIR DIELECTRIC 0.015 c 0.350

ALUMINUM WAVEGUIDE
WITH AIR DIELECTRIC 0.012 C 0.27 2250

BR\SS WAVEGUIDE
WITH LOW DENSITY a
STYROFOAM DIELECTRIC -0.09 d 0.92

ALUMINUM WAVEGU IDE
WITA LOW DDNSITY a

.STYROFOAM DIELECTRIC -0.C9 d 0.07

BRASS WAVEGUIDE
WITh HIGH DENSITY b
STYROFOAM DIELECTRIC _0.09 d 0.10 110

ALUMI,'UM WAVEGUIDE
WITH HIGH DENSITY b
SoYROFOAK DIELECTRIC -0.09 d 0.09 100

a LOW DENSIIY STYROFOAM: p = 1.6 - 2.0 lbs./ft.
3

HIGH DENSIYf STYROFOAM: p = 4.0 - 4.7 ]bs./ft. 3

VALUES ORITA INED FROM LITE!ZATV1FE

d
CALCUILATED VALUE,;

Placement of the front end inside the KIVA, in an

attempt to deliver more power to the components, resulted

in somewhat inconsistent data indicating that this method

of obtaining higher power operation is not very satisfactory.

5-2
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The significance of these conclusions to the micro-

wave equipment designer is the following:

If possible, the use of coaxial dielectric
(other than air) and/or ferrite filled
microwave components in a radiation en-
vironment is more desirable than the use
of waveguide air dielectric microwave
components. For operating powers of 150
milliwatts or less, the circulator, limiter
and isolator will function satisfactorially
during exposure to radiation bursts such as
those described in Table 11.

The significance of these conclusions to the micro-

wave tube designer is the following:

The klystron (Varian Model X-26F), which
was placed inside the KIVA, showed no
signs of permanent damage or degradation;
however, transient decreases in signal
power level did occur. These decreases
may have been caused by changes in the
reflector voltage characteristics due to
external leakage.

The significance of these conclusions to individuals

engaged in the study of radiation damage mechanisms is the

following:

o The radiation effects in both the brass and
aluminum waveguide elements, with air as the
dielectric, are intermediate in magnitude to
the effects with the high density Styrofoam
dielectric (less effect) in each waveguide
and the effects with the low density Styro-
foam dielectric (greater effect) in each
waveguide. At present this difference in
magnitudes is difficult to understand and
the following explanation is regarded as
only a possibility.

5-3
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Assume electrons are emitted from the
waveguide walls due to Compton collisions
of the y-rays with the atoms in the walls.
These electrons cause ionization in. the
dielectric, wherein the degree of ioni-
zation is assumed to be proportional to the
increase in attenuation. If the gas in the
Styrofoam, methyl chloride, is more sus-
ceptible to electron caused ionization than
air, then it is reasonable to believe that
the use of the low density Styrofoam di-
electric should result in effects of larger
magnitude than those observed for the air
dielectric. The mean free path of the
Compton electrons may be significantly
shorter in the high density Styrofoam than
in the low density Styrofoam. The high
density Styrofoam would then attenuate the
electrons before they reached the high
electric field intensity central portion
of the waveguide. Thus, even though ioni-
zation might occur in the high density
Styrofoam it would not occur in the impor-
tant high electric field intensity portion
of the waveguide, The signal attenuation
would thus not be as pronounced as that
observed for the low density Styrofoam
dielectric filled waveguide.

5-4
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7. PROGRAM FOR NEXT INTERVAL

(1 February 1963 to 30 April 1963)

The third series of experiments, scheduled for the

week of May 13, 1963, will be planned. Since some of these

experiments will be performed on waveguide duplexing devices,

some modifications in the present measurement scheme may be

required. These modifications will be made and the new

measurement scheme will be "dry run" at Sperry Microwave

Electronics Company.
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